Background: Single nucleotide polymorphisms (SNPs) are the most frequent type of genetic variation in the human genome, and are of interest for the study of susceptibility to and protection from diseases. The haplotype at chromosome 19q13.2-3 encompassing the three SNPs ASE-1 G-21A, RAI IVS1 A4364G and ERCC1 Asn118Asn have been associated with risk of breast cancer and lung cancer. Haplotype carriers are defined as the homozygous carriers of RAI IVS1 A4364G A , ERCC1 Asn118Asn T and ASE-1 G-21A G . We aimed to evaluate whether the three polymorphisms and the haplotype are associated to risk of colorectal cancer, and investigated gene-environment associations between the polymorphisms and the haplotype and smoking status at enrolment, smoking duration, average smoking intensity and alcohol consumption, respectively, in relation to risk of colorectal cancer.
Background
SNPs in DNA repair genes have been associated to risk of several types of cancer, reviewed in [1] . Combining of neighbouring SNPs into haplotypes may increase the association with disease. We have previously identified a haplotype at chromosome 19q13.2-3 encompassing three SNPs in the genes ERCC1 (excision repair cross complementary group1), ASE-1 (antisense ERCC1, alias CD3EAP) and RAI (RelA-associated inhibitor, alias iASPP or PPP1R13L), strongly associated with risk of post-menopausal breast cancer [2] and lung cancer [3, 4] , and a recent Norwegian study has reported a possible association with risk of colorectal cancer among women [5] . Thus, the haplotype seems to be involved in a mechanism affecting various cancer forms. The previously identified haplotype consists of three marker SNPs: RAI IVS1 A4364G, ERCC1 Asn118Asn and ASE-1 G-21A, of which haplotype carriers are defined as the homozygous carriers of RAI IVS1 A4364G A , ERCC1 Asn118Asn T and ASE-1 G-21A G .
RAI encodes a specific inhibitor of the RelA subunit (p65) in the NF-κB transcription factor [6] , which participates in inflammatory responses [7] and as an regulator of apoptosis [8] . The regulator function of NF-κB, as an inhibitor or an activator of apoptosis, may depend on the ratio between the two NF-κB subunits RelA and c-Rel: An overexpression of RelA inhibits apoptosis, while an overexpression of c-Rel enhances apoptosis [8] . Inhibition of RAI synthesis has been shown to inhibit apoptosis [9] . In human colorectal adenomas and adenocarcinomas a constitutively increased expression of RelA/NF-κB protein have been observed [10, 11] . The increase was not detected in healthy colorectal mucosa [10] . It was recently shown that RAI expression is increased in both adenoma and adenocarcinoma tissue compared to tissue from normal colonic mucosa in the same person [12] indicating that high RAI expression occurs very early in the malignant transformation. However, contradictory results have been published as to whether the increased expression levels inhibit or promote apoptosis [9, 13] . The polymorphisms in ERCC1 and in particular RAI are strongly associated with risk of basal cell carcinoma [14, 15] .
ERCC1 encodes a subunit of the nucleotide excision repair (NER) complex, which is required for the incision step of NER [16] . For colorectal and lung cancer patients the mRNA levels and the expression of the ERCC1 protein are associated with the response to platinum-based chemotherapeutic drugs with direct impact on cancer patient survival. The level of response may be related to the ERCC1 Asn118Asn polymorphism [17] [18] [19] , and the ERCC1 C8092A polymorphism as well, for lung cancer patients [20] . These epidemiological results are not entirely con-sistent, but they may indicate that the polymorphism predicts DNA repair capacity.
ASE-1 encodes a nucleolar protein, and is positioned in an anti-sense orientation to and overlaps with the gene for ERCC1. It is possibly involved with the RNA polymerase I transcription complex [21] . The exact role of ASE-1 and whether the overlapping between ERCC1 and ASE-1 gene has biological relevance are unknown.
In studies of Caucasians, the haplotype encompassing the three SNPs: ERCC1 Asn118Asn, ASE-1 G-21A and RAI IVS1 A4364G was strongly associated to risk of post-menopausal breast cancer [2] and lung cancer [3] among women less than 55 years of age when diagnosed with their first cancer. Female homozygous carriers of the haplotype were at a 7.02-fold (CI: 1.88-26.18) higher risk of lung cancer compared to female non-carriers of the homozygous haplotype, while the haplotype was associated to risk of breast cancer with an RR of 9.50 (CI: 2.21-40.79) among female homozygous carriers of the haplotype, compared to women not carrying the homozygous haplotype. An association was not detected in the older age groups (55-60 years and > 60 years when diagnosed with breast cancer) [2] .
The mechanisms underlying the possible association between alcohol consumption and tobacco smoking and risk of colorectal cancer are unknown. Smoking has consistently been associated with increased risk for adenomas/polyps in colon and rectum [22] . Following tobacco smoking and intake of alcohol, DNA adducts are formed by metabolites of the carcinogens polycyclic aromatic hydrocarbons, aromatic amines, nitrosamines, and ethanol [23, 24] . The adducts are not only located in airway tissue or the upper gastrointestinal tract, but are also found in e.g. white blood cells, bladder and cervical tissue [25] [26] [27] , indicating that systemic circulation of the carcinogens takes place. Thus, DNA lesions following tobacco smoking and alcohol consumption combined with a low DNA repair capacity or deficiency of triggering apoptosis in colonocytes may possibly lead to malignant transformation of the cells.
To our knowledge only two studies have been reported on gene-environment interactions with the predefined haplotype: A Norwegian case-control study on colorectal adenomas and adenocarcinomas [5] and our prospective case-cohort study on lung cancer [4] . No interaction was observed between the haplotype and cigarette smoking and intake of alcohol, respectively, in relation to risk of colorectal adenomas or adenocarcinomas [5] . In the lung cancer study, a stronger adverse association between smoking and risk of lung cancer were observed among women with a high smoking intensity (> 20 g tobacco/ day) carrying the homozygous high risk haplotype [4] , than among female non-carriers of the homozygous haplotype with the same smoking intensity. An interaction between alcohol consumption and the haplotype was also found: Male carriers of the haplotype had a higher risk of lung cancer, whereas no association was found among men who were not carrying the homozygous haplotype.
In the present study, we hypothesized that female homozygous carriers of the previously identified haplotype have higher risk of colorectal cancer compared to individuals not carrying the homozygous haplotype, [5] . We expect that the haplotype or individual SNPs are linked to a biologically effective polymorphism. RAI is an obvious candidate gene, since it has been shown to be required for induction of apoptosis [28] , possibly through interaction with the p53 gene [13] . Furthermore, we hypothesized the haplotype to interact with environmental factors such as smoking and alcohol consumption, in relation to risk of colorectal cancer as previously observed for lung cancer.
Methods
In 1993-1997, a total of 160,725 individuals were invited to participate in the Danish prospective "Diet, Cancer and Health" (DCH) study, the inclusion criteria being age 50-64 years, born in Denmark and with no prior cancer diagnosis at the time of inclusion. In total, 57,053 participants accepted the invitation and were enrolled in the cohort [28] . At enrolment detailed information on diet, smoking habits, lifestyle, weight, height, reproduction, medical treatment, and other socio-economic characteristics and environmental exposures were collected. Moreover, blood, urine, fat tissue and other biological material was sampled and stored at -150°C. All participants gave informed consent. DCH and the present sub-study were approved by the Regional Ethical Committees on Human Studies in Copenhagen and Aarhus and by the Danish Data Protection Agency. Among the cohort members included in this study, 405 incident cases of colorectal cancer were identified, 184 women and 221 men, in the files of the nationwide Danish Cancer Registry [29] , diagnosed between 1994 and 2003. Within the cohort we defined a sub-cohort consisting of 368 women and 442 men who were randomly selected. Cases and sub-cohort were matched on gender. Blood samples were available for 397 cases and 800 members of the sub-cohort. Information on smoking habits and alcohol consumption were available for all participants in the present study. Characteristics of the cases and the sub-cohort are shown in Table 1 .
DNA was isolated from frozen blood samples as described [30] . All genotypes were determined by endpoint reading on a Sequence Detection System ABI 7500 (Applied Bio-systems, Naerum, Denmark). The case-control status of the samples was blinded when analysing the DNA in the laboratory. Controls with known genotypes were included in each run and repeated genotyping of a random 10% subset yielded 100% identical genotypes.
Primers and probes for ERCC1 Asn118Asn (C/T) (rs #3177700), ASE-1 G-21A (rs #967591) and RAI A4364G (rs #1970764) genotyping were as previously described [4, 31] .
Five µL reactions contained 100 nM of each probe, 900 nM primers, 20-50 ng DNA and 1x Mastermix (Applied Biosystems, Naerum, Denmark). The polymorphisms were analysed for 40 cycles at 15s at 94°C, and an elongation step performed at 62°C (ASE-1), 62°C (RAI) and 63°C (ERCC1) for 60s.
The ERCC1 Asn118Asn genotyping was unsuccessful for 7 samples, whereas 2 were unsuccessful for ASE-1 G-21A genotyping, and 8 for RAI A4364G.
The data were sampled according to the case-cohort design and the unweighted case-cohort approach was used for analysis [32] . Incidence rate ratios (IRR) for colorectal cancer were estimated by the Cox proportional hazards model. All the analyses were stratified according to gender. Age was the underlying time axis. The analyses were corrected for delayed entry, thereby considering risk only from the person's age at enrolment in the cohort. We calculated two-sided 95% confidence intervals (CI) and pvalues based on robust estimates of the variance-covariance matrix [33] and Wald's test of the Cox regression parameter, that is, on the log rate ratio scale.
The genotype distributions of the polymorphisms were checked among the sub-cohort to verify Hardy-Weinberg equilibrium. We estimated IRR for the heterozygous and the homozygous variant, respectively, compared with the homozygous wild type. These estimates were supplemented with a trend test where the IRR is assumed to increase/decrease log-linearly with the number of variant type alleles. We analyzed data separately for each gender and each of two age groups (≤ 60 years and > 60 years) and separately according to topology of the cancer (colon or rectum, right-or left-sided segment of colon).
Smoking intensity was calculated as the average of the self-reported smoking intensity for the age intervals 20-29, 30-39, 40-49 and 50-59 years and reported smoking status, smoking duration and alcohol consumption refer to the time of enrolment into the cohort study. Former smokers were defined as the participants who have been smoking regularly, at least one cigarette, pipe, cheroot or cigar daily, for at least one year, but who were not smoking daily at the time of enrolment. Smoking intensity for former smokers were calculated as the smoking intensity for each age intervals subtracted the periods of not smoking.
For each of the continuous variables, the hypothesis of a linear association was evaluated using a linear spline with three boundaries, placed at the quartiles among cases, as covariates in the Cox model [34] . The linearity was evaluated graphically and by a numerical test using the likelihood ratio test statistic to compare the model assuming linearity with the linear spline model. All variables were found linearly associated with colorectal cancer.
Interactions between the genotypes and each of the environmental factors, smoking status, smoking duration, average smoking intensity and alcohol consumption, were analysed by estimating separate associations for each genotype (homozygous wild type, heterozygous type and homozygous variant type). We tested the null hypothesis that the effect of the environmental factor was the same for the three genotypes. All models on gene-environment interactions were adjusted for smoking status (ever/never) or alcohol intake (yes/no). Thus, the effect of smoking intensity and duration were estimated among smokers only, and the effect of alcohol intake was estimated among alcohol consumers only. In the Cox regression model, we stratified according to gender allowing separate underlying risk for men and women, respectively. Hence, adjustment for HRT use in the analyses affects the risk estimates for women only. We used SAS PROC PHREG (version 8.2) for the estimations.
An 80% power required IRRs between 1.3 and 1.4 per variant allele for the three polymorphisms in the analyses of a linear trend at a significance level of 5%. A similar power required an IRR of 1.5 for the homozygous haplotype versus non-carriers of the homozygous haplotype. The power calculations were made on the basis of the allele frequencies and number of participants in the present study.
Results
Fifty-two percent of the cases were diagnosed with colon cancer, 45% with rectal cancer, and in 3% of the cases the topography was not specified. Among cases, 96% had a diagnosis of adenocarcinomas, 2% of carcinoid tumor and 2% of various other histological subtypes. The distribution of cancer location was comparable for men and women, data not shown. The median consumption of alcohol was comparable between cases and sub-cohort members ( Table 1 ). The proportion of present smokers was higher among cases than among members of the subcohort. Smoking intensity was comparable between cases and members of the sub-cohort, while smoking duration among male and female cases, respectively, were longer than among members of the sub-cohort. Smoking intensity was substantially higher among men than among women. In addition, the alcohol consumption was higher among men than women ( Table 1 ).
The genotype distributions were in Hardy-Weinberg equilibrium among the sub-cohort members for all three polymorphisms both before and after gender separation, results not shown. The allelic frequencies of the variant allele for ASE-1 G-21A (0.17), RAI IVS1 A4364G (0.19), and ERCC1 Asn118Asn (0.36) were similar to the frequencies of alleles found in previous studies of Caucasians [3, 5, 31] . The genotype distributions were comparable between cases and members of the subcohort, results not shown.
Overall, there were no statistically significant associations between the three polymorphisms and risk of colorectal cancer, either among men or women ( Table 2 ). The association between the haplotype and risk of colorectal cancer did not differ statistically significant between men and women (P = 0.16). However, women carrying the high risk haplotype seemed to be at higher risk of colorectal cancer with an IRR of 1.35 (0.84-2.16), compared with female non-carriers of the homozygous haplotype. The association between the three polymorphisms, ASE-1 G-21A, RAI IVS1 A4364G and ERCC1 Asn118Asn and color-ectal cancer was not statistically significant different (all P > 0.25) between genders.
There were no significant effects of the three polymorphisms and the haplotype in relation to risk of colorectal cancer in the topological sub-groups (left-or right sided segment of colon or rectal, results not shown), and no statistically significant effects were observed of the three polymorphisms and the high risk haplotype in relation to risk of colorectal cancer in either of the two age groups (≤ 60 years and > 60 years), results not shown. Thus, further statistical analysis includes all cases regardless of location of the cancer and age when diagnosed with colorectal cancer. The effect of smoking status at enrolment, smoking duration, average smoking intensity and intake of alcohol on colorectal cancer risk did not differ between genders, results not shown. However, since we previously have found gender-specific gene-environment interactions in the recent lung cancer study, the interaction studies on the polymorphisms and the haplotype were stratified by gender.
There were no statistically significant interactions between the haplotype and smoking intensity or alcohol consumption (Table 3) , or between the ASE-1 G-21A, RAI IVS1 A4364G and ERCC1 Asn118Asn polymorphisms, respectively, and smoking intensity or alcohol consumption (see Additional file 1), in relation to risk of colorectal cancer. Yet, there was a tendency that smoking intensity was a risk factor for colorectal cancer among homozygous carriers of the variant ASE-1 G-21A allele especially among men. No effect was observed among carriers of the wild type. We observed no statistically significant interactions between the genotypes and smoking status and smoking duration at enrolment associated to risk of colorectal cancer, results not shown.
Discussion
Overall, we observed no association between the previously identified haplotype and the RAI IVS1 A4364G, ASE-1 G-21A and ERCC1 Asn118Asn polymorphisms and risk of colorectal cancer. We did not find any interactions between the genotypes or the haplotype and the lifestyle exposures smoking intensity or alcohol consumption in relation to risk of colorectal cancer.
The present study is population based. Selection bias is unlikely because the sub-cohort used was selected as a stratified random sample from the same cohort that gave rise to the included colorectal cancer cases. The inclusion of 405 cases and a comparison group of 810 individuals provided a relatively high statistical power. For all participants, information on smoking habits and alcohol consumption was obtained at enrolment before a cancer a) IRR: incidence rate ratio b) Adjusted for average smoking intensity, intake of alcohol, fruits/vegetables, fish/poultry, red and processed meat, dietary fibres, BMI and hormone replacement therapy. c) CI: 95% confidence interval d) P: trend test e) The genotype serves as reference category f) Homozygous carriers of the haplotype compared to the rest. Homozygous carrier of the previously identified haplotype consisting of ERCC1 Asn118Asn TT , ASE-1 G-21A GG and RAI IVS1 A4364G AA diagnosis, which minimizes the risk for differential misclassification of these exposures between the cases and the comparison group.
In previous studies the RAI IVS1 A4364G polymorphism has been associated with a lower risk of basal cell carcinoma, lung cancer and post-menopausal breast cancer [2, 3, 15] among homozygous carriers of the variant allele.
The strongest association with risk of breast cancer or basal cell carcinoma was observed among the youngest individuals [2, 14, 15] . The RAI IVS1 A4364G polymorphism was not associated with risk of testicular cancer [31] . Our results on the ASE-1 G-21A and ERCC1 Asn118Asn polymorphisms and risk of colorectal cancer are comparable to other cancer studies, where no associations have been observed between the two polymorphisms and risk of basal cell carcinoma, post-menopausal breast cancer and testicular cancer [2, 31, 35] .
A tendency of higher risk for colorectal carcinoma, with an OR of 2.19 (CI: 0.95-5.04), was observed among Norwegian women carrying the homozygous haplotype compared to women not carrying the homozygous haplotype [5] . The results of the present study are comparable, with an IRR of 1.35 (CI: 0.84-2.16). However, in neither of the studies statistically significant gender-specific gene effects of the haplotype were observed. Previous studies on breast and lung cancer found a strong age dependent and gender-specific effect of the haplotype on risk of cancer [2, 3] . A possible reason for not detecting any association between the haplotype and risk of colorectal cancer in the present study, may thus be due to the relatively high age among cases (median 62 years) when diagnosed with colorectal cancer. We were not able to estimate a risk association for the age-group younger than 55 years due to low number of cases (8 cases carrying the homozygous haplotype). When data was stratified by age with members of the youngest age group being less or equal to 60 years when diagnosed with colorectal cancer, still no statistically significant associations between the haplotype and risk of colorectal cancer were detected, results not shown.
Smoking intensity increased the risk of colorectal cancer among homozygous carriers of the variant ASE-1 G-21A polymorphism. The effect may very possibly be a chance finding due to low numbers of cases and members of the sub-cohort. Thus, no convincing statistical significant interactions were observed between the three genotypes and alcohol consumption or the smoking variables related with risk of colorectal cancer.
We observed no interaction between the haplotype and smoking intensity on risk of colorectal cancer. Our previous study on risk of lung cancer found a borderline significant interaction (P = 0.06) between high smoking intensity (>20 g tobacco/day) and the haplotype related with risk of lung cancer, with a 2.03-fold increased risk of lung cancer per additional 5 g tobacco/day among women carrying the haplotype, while no association were observed among female non-carriers of the haplotype with a similar smoking intensity [4] . Among women with a lower smoking intensity (≤ 20 g tobacco/day) no effect was observed of smoking intensity on risk of lung cancer among carriers or non-carriers of the homozygous haplotype. In the present study it was not possible to access the effect of a high smoking intensity among women due to a lower smoking intensity among female cases. The findings in the present study is thus similar to the above mentioned results in the lung cancer study [4] for women with a comparable low smoking intensity. Alcohol consumption did not have a significantly different effect on carriers and non-carriers of the homozygous haplotype (P > 0.13) among men and women, respectively, in relation to risk of colorectal cancer. However, we detected an adverse effect of alcohol among male carriers of the homozygous haplotype, with an IRR of 1.20 (CI: 1.00-1.43), per 10 g alcohol intake per day. In the Norwegian study of colorectal cancer, the alcohol consumption was lower among cases than in the present study, and approximately 40% of the cases were abstainers [36] . No interaction between the high risk haplotype and alcohol intake on risk of colorectal adenomas and carcinomas was observed [5] . In our recent lung cancer study, alcohol consumption was associated with a 1.40-fold (CI: 1.13-1.74) increased risk of lung cancer per 10 g alcohol intake per day among male carriers of the homozygous haplotype [4] . The effect of alcohol was significantly different between carriers and non-carriers of the homozygous haplotype (P = 0.003). Although a similar gene-environment interaction seems not to exist for colorectal cancer, we cannot exclude a weak tendency of interaction between alcohol consumption and the homozygous high risk haplotype among men.
Conclusion
Overall, the ASE-1 G-21A, RAI IVS1 A4364G and ERCC1 Asn118Asn polymorphisms and the previously identified haplotype were not associated with risk of colorectal cancer. No statistically significant interactions were observed between the high risk haplotype, the three polymorphisms and smoking intensity and alcohol consumption, respectively, in relation to the risk of colorectal cancer.
